Background Postoperative fascial dehiscence and open abdomen are severe postoperative complications and are associated with surgical site infections, fistula, and hernia formation at long-term follow-up. This study was designed to investigate whether intraperitoneal implantation of a composite prosthetic mesh is feasible and safe. Methods A total of 114 patients with postoperative fascial dehiscence and open abdomen who had undergone surgery between 2001 and 2009 were analyzed retrospectively. Contaminated (wound class 3) or dirty wounds (wound class 4) were present in all patients. A polypropylene-based composite mesh was implanted intraperitoneally in 51 patients, and in 63 patients the abdominal wall was closed without mesh implantation. The primary endpoint was incidence of incisional hernia, and the incidence of enterocutaneous fistula was a secondary endpoint. Results The incidence of enterocutaneous fistulas after wound closure post-fascial dehiscence (13% vs. 6% without and with mesh, respectively) or post-open abdomen (22% vs. 28% without and with mesh, respectively) was not significantly different. The incidence of incisional hernia was significantly lower with mesh implantation compared with no-mesh implantation in both contaminated (4% vs. 28%; p = 0.025) and dirty abdominal cavities (5% vs. 34%; p = 0.01).
Introduction
Fascial dehiscence with bowel eventration and open abdomen are potential sequelae of abdominal surgery and are associated with significant morbidity and cost. The incidence of fascial dehiscence in patients with various degrees of wound contamination is as high as 3% and is associated with mortality as high as 44% [1] [2] [3] [4] [5] . Reoperations for such wound-related complications are associated with an incidence of incisional hernia as high as 54% [6] . Numerous strategies have been proposed to reduce wound dehiscence and incisional hernia, including delayed reconstruction using flaps, lateral incisions, or dynamic systems [7] [8] [9] [10] . In a recent publication, a combination of vacuum-and meshmediated traction was shown to be safe and reduce the incidence of large planned ventral hernia [11] . However, long-term results are missing and a high incidence of incisional hernia is expected. In this study, we present our results with primary mesh implantation as a new option for these difficult situations. This strategy was introduced to prevent early and late complications, such as recurrent fascial dehiscence and incisional hernia. However, mesh implantation may be associated with complications, such as chronic infection and enterocutaneous fistula formation [12, 13] . This study was designed to determine if implantation of a polypropylene-based composite mesh is safe in such clinical scenarios that are associated with contaminated or dirty wounds and assess the long-term follow up of these patients, especially regarding hernia formation.
Methods

Patient characteristics
All patients with acute postoperative fascial dehiscence or open abdomen treated at our institution between January 2001 and December 2009 were recorded in a digital database and analyzed retrospectively. To assess and compare preoperative risk factors, the surgical risk scale (SRS) was calculated as described previously [14] . By definition of the Centers of Disease Control and Prevention, fascial dehiscence and open abdomen are contaminated (wound class 3; open wounds, acute nonpurulent infection) or dirty wounds (wound class 4; active infection present) [15] . Approval for the study was obtained from the local ethical committee.
Surgical technique
Patients were divided into four groups based on the surgical techniques used for abdominal closure, as shown in Fig. 1 , KCI medical GmbH, Rümlang, Switzerland) alone. Abdominal VAC dressing was placed intraperitoneally, and VAC was performed using negative pressure between 25 and 125 mmHg and was subsequently reduced in magnitude. In the last group (open abdomen with mesh implantation), the same type of mesh was sutured to the peritoneum followed by wound closure with VAC.
Follow-up
Clinical follow-up investigations were conducted on an outpatient basis by the responsible surgeon or the patient's general practitioner. When applicable, date and cause of death were recorded.
Statistics
All statistical tests were performed by using SPSS Statistics (Version 17.0.0, SPSS Inc., Chicago, IL). Categorical data were analyzed with the Fisher's exact test; continuous data were analyzed with Student's t test. A cutoff value of p \ 0.05 was used to determine statistical significance.
Results
Patient characteristics and risk factors were similar between the groups (Table 1) . Indications for the initial operations included elective, emergent, or urgent operations for tumors, hollow organ perforation, acute or chronic inflammation of visceral organs, incarcerated hernia, and mechanical ileus (Table 2) .
Early postoperative complications were compared between no mesh and mesh implantation in patients with wound class 3 ( Table 3 ) and wound class 4 ( Table 4 ). The incidence of incisional hernia was significantly lower with mesh implantation than without it, irrespective of wound class. The incidence of enterocutaneous fistulas did not differ between the mesh and nonmesh groups. Hospital stay was significantly longer in patients with wound class 4 compared with those with wound class 3 (50 ± 39 days vs. 32 ± 19 days, respectively; p = 0.002).
Subgroup analysis was performed of patients with fascial closure (Table 5 ) and for patients with open abdomen (Tables 6). The incidence of incisional hernia was significantly lower with mesh implantation than without it in both the subgroup of fascial closure (3% vs. 22%; p = 0.02) and the subgroup of patients with open abdomen (6% vs. 100%; p \ 0.001).
Discussion
The results of this study reveal the safety of intraperitoneal mesh implantation despite the presence of contamination.
In particular, the study shows a significantly reduced incidence of abdominal wall hernia without an increased risk of enterocutaneous fistula formation for critical abdominal wounds that are characterized by intraperitoneal infection and complicated abdominal wound closure.
In this series, only patients with postoperative fascial dehiscence or open abdomen were included. A total of 22% of patients developed incisional hernias after fascial closure without mesh implantation, and 90% of these patients underwent operative hernia repair during follow-up. Such incidence of incisional hernia is consistent with previous findings, although higher rates have been observed [4, 6, 16] . In the present series, mesh implantation with fascial closure reduced the incidence of incisional hernia significantly without additional morbidity.
Open abdomen may be necessary under specific conditions in patients with generalized peritonitis or for posttraumatic damage control [5, 17, 18] . The resulting abdominal wall defect after open abdomen can be quite large, and subsequent reconstruction may be associated with high additional morbidity [19] . Except for one patient, no reconstructive surgery was necessary after mesh implantation for open abdomen. This patient developed a paraprosthetical hernia after open abdomen with mesh implantation due to an undersized mesh, which had to be replaced with a larger mesh 1 week after surgery for open abdomen. All patients with open abdomen without mesh implantation had, by definition, an incisional hernia, and 50% of these patients underwent operative repair of their hernia.
Enterocutaneous fistula formation is a potentially serious complication in patients with postoperative fascial dehiscence or open abdomen [18] . In the present study, the incidence of enterocutaneous fistulas was higher after open abdomen than after direct fascial closure. However, the main finding of this study is that the incidence of enterocutaneous fistulas is not associated with the presence of intraabdominal mesh. One group has shown an association of intraperitoneal mesh implantation with the formation of enterocutaneous fistula [20] . However, in that study no composite meshes were used.
In patients undergoing fascial closure, the observed incidence of fistula formation (13.3% without mesh vs. 8.8% with mesh) is comparable to that observed in previous studies [21, 22] . The incidence of fistulas after open abdomen (22% without mesh vs. 28% with mesh) also is comparable to that in previous studies [23] [24] [25] [26] .
All of our meshes in patients with open abdomen were in contact with the environment and healing by secondary intention was possible. Mesh infection as reported in other series potentially prolonged healing [27] . However, in the current series, we did not observe an increased incidence of infectious complications associated with mesh implantation. No mesh-explantation due to infection was required. A limitation of this study was its retrospective design, and we cannot exclude selection bias determined by the indication for mesh implantation, such as existing contamination or fascial retraction. However, the conditions investigated are rare events, limiting the feasibility of a prospective randomized trial. The groups were comparable in terms of patient characteristics, risk factors, and comorbidities. Furthermore, comorbidities, general health status, type, and invasiveness of the procedure were similar as assessed by the surgical risk scale [14] . These similarities between groups helped to reduce the possibility that confounding factors caused the observed differences associated with mesh versus nonmesh procedures. The estimated mortality associated with a surgical risk scale of 10 is approximately 19% and increases to 90% with the maximum score of 14 [28] . Most patients in this study had a surgical risk scale of 10 and higher and our overall mortality rate was 15.7%.
In conclusion, the implantation of nonabsorbable meshes for postoperative fascial dehiscence or open abdomen, despite a contaminated or dirty abdomen, is associated with a reduced incidence of incisional abdominal wall hernias and should be considered as a therapeutic option in these critically ill patients. Overall mortality rates and enterocutaneous fistula formation rates were not influenced by the use of mesh.
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